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Abstract
We comparatively analyze the flavor changing neutral current process of the
Λb → Λℓ+ℓ− in the standard model as well as topcolor-assisted technicolor model
using the form factors calculated via light cone QCD sum rules in full theory. In par-
ticular, we calculate the decay width, branching ratio and lepton forward-backward
asymmetry related to this decay channel. We compare the results of the topcolor-
assisted technicolor model with those of the standard model and debate how the
results of the topcolor-assisted technicolor model depart from the standard model
predictions. We also compare our results on the branching ratio and differential
branching ratio with recent experimental data provided by CDF and LHCb Collabo-
rations.
PACS number(s): 12.60.-i, 12.60.Nz, 13.30.-a, 13.30.Ce, 14.20.Mr
∗e-mail: kazizi@dogus.edu.tr
†e-mail: sehban@istanbul.edu.tr
‡e-mail: a.t.olgun@gmail.com
§e-mail: z.tavukoglu@gmail.com
1 Introduction
The flavor changing neutral current (FCNC) processes in baryonic sector are promising tools
in indirectly search for new physics (NP) effects besides the direct searches at large hadron
colliders. Hence, both experimental and phenomenological works devoted to the analysis of
these channels receive special attention nowadays. The semileptonic FCNC decay of Λb →
Λℓ+ℓ− (ℓ = e, µ, τ) is one of the most important transitions in this respect since a heavy
quark with a light di-quark combination of the Λb baryon makes this process significantly
different than the B meson decays. Experimentally, the CDF Collaboration at Fermilab has
firstly reported their observation of the semileptonic Λ0b → Λµ+µ− decay with a statistical
significance of 5.8 σ and 24 signal events at
√
s = 1.96 TeV, collected by the CDF II detector
in 2011 [1]. They measured a branching ratio of [1.73± 0.42(stat)± 0.55(syst)]× 10−6 [1]
at muon channel. Recently, the LHCb Collaboration at CERN has also reported their
observation of Λ0b → Λµ+µ− with a signal yield of 78± 12, collected by the LHCb detector
corresponding to an integrated luminosity of 1.0 fb−1 at
√
s = 7 TeV [2]. They measured
a branching ratio of [0.96± 0.16(stat)± 0.13(syst)± 0.21(norm)]× 10−6 at muon channel.
Until now, there is no direct evidence for the NP effects beyond the standard model (SM)
at present particle physics experiments. However, the ATLAS and CMS Collaborations at
CERN reported their observations of a new particle like the SM Higgs boson with a mass
of ∼ 125 GeV at a statistical significance of 5 σ in 2012 [3, 4]. Taken into consideration the
above experimental progress and recent developments at LHC, with increasing the center
of mass energy, we hope we will be able to search for more FCNC decay processes as well
as NP effects in near future. Therefore, theoretical calculations on NP effects to the FCNC
processes using different scenarios will be required for analysis of the experimental results.
In the present work, we analyze the semileptonic FCNC channel of the Λb → Λℓ+ℓ−
in the topcolor-assisted technicolor (TC2) model. We calculate many parameters such as
decay width, branching ratio and forward-backward asymmetry (FBA) and look for the
difference between the results with those of the SM predictions. We also compare our
results with the above mentioned experimental data.
The technicolor (TC) mechanism provides us with an alternative explanation for the
origin of masses of the electroweak gauge bosons W± and Z0 [5]. Although the TC and
extended TC (ETC) models explain the flavor symmetry and electroweak symmetry break-
ings (EWSB), these models are unable to answer why mass of the top quark is too large
[6, 7]. In topcolor models, however, the top quark involves in a new strong interaction,
spontaneously broken at some high energy scales but not confining. According to these
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models, the strong dynamics provide the formation of top quark condensate tt which leads
to a large dynamical mass for this quark, but with unnatural fine tuning [7, 8]. Hence, a
TC model containing topcolor scenario (TC2 model) has been developed [6]. This model
explains the electroweak and flavor symmetry breakings as well as the large mass of the
top quark without unnatural fine tuning. This model predicts the existence of top-pions
(π0,±t ), the top-Higgs (h
0
t ) and the non-universal gauge boson (Z
′), which we are going to
discuss the dependences of the physical quantities defining the Λb → Λℓ+ℓ− transition on
the masses of these objects in this article. For more details of the TC2 model and some of
its applications see for instance [9–12] and references therein.
The outline of the article is as follows. In the next section, after briefly introducing the
TC2 scenario we present the effective Hamiltonian of the transition under consideration
including Wilson coefficients as well as transition amplitude and matrix elements in terms
of form factors. In section 3, we calculate the differential decay width in TC2 model and
numerically analyze the differential branching ratio, the branching ratio and the lepton
forward-backward asymmetry and compare the obtained results with those of the SM as
well as existing experimental data.
2 The semileptonic Λb → Λℓ+ℓ− transition in SM and
the topcolor-assisted technicolor models
In this section, first we give a brief overview on TC2 model. Then we present the effective
Hamiltonian in both SM and TC2 models and show how the Wilson coefficients entered
to the low energy effective Hamiltonian are changed in TC2 model compare to the SM.
We also present the transition matrix elements in terms of form factors in full QCD and
calculate the transition amplitude of the Λb → Λℓ+ℓ− in both models.
2.1 The TC2 model
As we previously mentioned, the TC2 model creates an attractive scheme because it com-
bines the TC interaction which is responsible for dynamical EWSB mechanism as an alter-
native to Higgs scenario as well as topcolor interaction for the third generation at scale of
near ∼ 1 TeV. This model provides an explanation of the electroweak and flavor symmetry
breakings and also the large mass of top quark. This model predicts a triplet of strongly
coupled pseudo-Nambu-Goldstone bosons, neutral-charged top-pions (π0,±t ) near the top
mass scale, one isospin-singlet boson, the neutral top-Higgs (h0t ) and the non-universal
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gauge boson (Z ′). Exchange of these new particles generates flavor-changing (FC) effects
which lead to changes in the Wilson coefficients compared to the SM [6].
The flavor-diagonal (FD) couplings of top-pions to the fermions are defined as [6, 7, 13–
15]
m∗t√
2Fπ
√
ν2w − F 2π
νw
[
it¯γ5tπ0t +
√
2t¯RbLπ
+
t +
√
2b¯LtRπ
−
t
]
+
m∗b√
2Fπ
[
ib¯γ5bπ0t +
√
2t¯LbRπ
+
t +
√
2b¯RtLπ
−
t
]
+
ml
ν
l¯γ5lπ0t , (2.1)
where m∗t = mt(1 − ε) and m∗b = mb − 0.1 ε mt denote the masses of the top and bottom
quarks generated by topcolor interactions, respectively. Here, Fπ is the physical top-pion
decay constant which is estimated from the Pagels-Stokar formula, νw = ν/
√
2 = 174 GeV,
wherein the ν is defined as the vacuum expectation of the Higgs field and the factor
√
ν2w−F 2π
νw
represents mixing effect between the Goldstone bosons (techni-pions) and top-pions.
The FC couplings of top-pions to the quarks can be written as [16–18]
m∗t√
2Fπ
√
ν2w − F 2π
νw
[
iKtcURK
tt∗
ULt¯LcRπ
0
t +
√
2Ktc
∗
URK
bb
DLc¯RbLπ
+
t +
√
2KtcURK
bb∗
DLb¯LcRπ
−
t
+
√
2Ktc
∗
URK
ss
DLt¯RsLπ
+
t +
√
2KtcURK
ss∗
DLs¯LtRπ
−
t
]
, (2.2)
where KUL(R) and KDL(R) are rotation matrices that diagonalize the up-quark and down-
quark mass matricesMU andMD for the down-type left and right hand quarks, respectively.
The values of the coupling parameters are given as
KttUL ≈ KbbDL ≈ KssDL ≈ 1, KtcUR ≤
√
2ε− ε2. (2.3)
The FD couplings of the new gauge boson Z ′ to the fermions are also given by [6, 7, 13–
16]
LFDZ′ = −
√
4πK1
{
Z ′µ
[
1
2
τ¯Lγ
µτL − τ¯RγµτR + 1
6
t¯Lγ
µtL +
1
6
b¯Lγ
µbL +
2
3
t¯Rγ
µtR
− 1
3
b¯Rγ
µbR
]
− tan2 θ′Z ′µ
[
1
6
s¯Lγ
µsL − 1
3
s¯Rγ
µsR − 1
2
µ¯Lγ
µµL − µ¯RγµµR
− 1
2
e¯Lγ
µeL − e¯RγµeR
]}
, (2.4)
where K1 is the coupling constant and it is taken in the region (0.3 - 1), θ
′ is the mixing
angle and tanθ′ = g1√
4πK1
with g1 being the ordinary hypercharge gauge coupling constant.
The FC couplings of the non-universal Z ′ gauge boson to the fermions can be written
as [19]
LFCZ′ = −
g1
2
cot θ′Z ′µ
{
1
3
DbbLD
bs∗
L s¯LγµbL −
2
3
DbbRD
bs∗
R s¯RγµbR + h.c.
}
, (2.5)
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where DL and DR are matrices rotate the weak eigen-basis to the mass ones for down-type
left and right hand quarks, respectively.
2.2 The effective Hamiltonian and Wilson Coefficients
The Λb → Λℓ+ℓ− decay is governed by b → sℓ+ℓ− transition at quark level in SM, whose
effective Hamiltonian is given by [20–23]
HeffSM =
GFαemVtbV
∗
ts
2
√
2π
[
Ceff9 s¯γµ(1− γ5)b ℓ¯γµℓ+ C10s¯γµ(1− γ5)b ℓ¯γµγ5ℓ
− 2mbCeff7
1
q2
s¯iσµνq
ν(1 + γ5)b ℓ¯γ
µℓ
]
, (2.6)
where GF is the Fermi coupling constant, αem is the fine structure constant, Vtb and V
∗
ts
are elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix, q2 is the transferred mo-
mentum squared and the Ceff7 , C
eff
9 , C10 are the Wilson coefficients. Our main task in the
following are to present the expressions of the Wilson coefficients. The Wilson coefficient
Ceff7 in leading log approximation in SM is given by [24–27]
Ceff7 (µb) = η
16
23C7(µW ) +
8
3
(
η
14
23 − η 1623
)
C8(µW ) + C2(µW )
8∑
i=1
hiη
ai ,
(2.7)
where
η =
αs(µW )
αs(µb)
, (2.8)
and
αs(x) =
αs(mZ)
1− β0 αs(mZ )2π ln(mZx )
, (2.9)
with αs(mZ) = 0.118 and β0 =
23
3
. The remaining functions in Eq.(2.7) are written as
C7(µW ) = −1
2
D′ SM0 (xt) , C8(µW ) = −
1
2
E ′ SM0 (xt) , C2(µW ) = 1 , (2.10)
where the functions D′ SM0 (xt) and E
′ SM
0 (xt) with xt =
m2
t
m2
W
are given by
D′ SM0 (xt) = −
(8x3t + 5x
2
t − 7xt)
12(1− xt)3 +
x2t (2− 3xt)
2(1− xt)4 ln xt , (2.11)
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and
E ′ SM0 (xt) = −
xt(x
2
t − 5xt − 2)
4(1− xt)3 +
3x2t
2(1− xt)4 ln xt . (2.12)
The coefficients hi and ai in Eq.(2.7), with i running from 1 to 8, are also given by [25, 26]
hi = ( 2.2996, −1.0880, −37 , − 114 , −0.6494, −0.0380, −0.0186, −0.0057 ),
(2.13)
and
ai = (
14
23
, 16
23
, 6
23
, −12
23
, 0.4086, −0.4230, −0.8994, 0.1456 ). (2.14)
The Wilson coefficient Ceff9 in SM is expressed as [25, 26]
Ceff9 (sˆ
′) = CNDR9 η(sˆ
′) + h(z, sˆ′) (3C1 + C2 + 3C3 + C4 + 3C5 + C6)
−1
2
h(1, sˆ′) (4C3 + 4C4 + 3C5 + C6)
−1
2
h(0, sˆ′) (C3 + 3C4) +
2
9
(3C3 + C4 + 3C5 + C6) , (2.15)
where sˆ′ = q
2
m2
b
with q2 lies in the interval 4m2l ≤ q2 ≤ (mΛb −mΛ)2. The CNDR9 in the naive
dimensional regularization (NDR) scheme is given as
CNDR9 = P
NDR
0 +
Y SM
sin2 θW
− 4ZSM + PEESM , (2.16)
where PNDR0 = 2.60 ± 0.25, sin2 θW = 0.23, Y SM = 0.98 and ZSM = 0.679 [25–27]. The
last term in Eq.(2.16) is ignored due to smallness of the value of PE. The η(sˆ
′) in Eq.(2.15)
is also defined as
η(sˆ′) = 1 +
αs(µb)
π
ω(sˆ′), (2.17)
with
ω(sˆ′) = −2
9
π2 − 4
3
Li2(sˆ
′)− 2
3
ln sˆ′ ln(1− sˆ′)− 5 + 4sˆ
′
3(1 + 2sˆ′)
ln(1− sˆ′)−
2sˆ′(1 + sˆ′)(1− 2sˆ′)
3(1− sˆ′)2(1 + 2sˆ′) ln sˆ
′ +
5 + 9sˆ′ − 6sˆ′2
6(1− sˆ′)(1 + 2sˆ′) . (2.18)
The function h(y, sˆ′) is given as
h(y, sˆ′) = −8
9
ln
mb
µb
− 8
9
ln y +
8
27
+
4
9
x (2.19)
−2
9
(2 + x)|1− x|1/2

(
ln
∣∣∣√1−x+1√1−x−1∣∣∣− iπ) , for x ≡ 4z2sˆ′ < 1
2 arctan 1√
x−1 , for x ≡ 4z
2
sˆ′
> 1,
(2.20)
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where y = 1 or y = z = mc
mb
and
h(0, sˆ′) =
8
27
− 8
9
ln
mb
µb
− 4
9
ln sˆ′ +
4
9
iπ. (2.21)
At µb = 5 GeV scale, the coefficients Cj (j=1,...6) are given by [27]
Cj =
8∑
i=1
kjiη
ai (j = 1, ...6), (2.22)
where the constants kji are given as
k1i = ( 0, 0,
1
2
, −1
2
, 0, 0, 0, 0 ),
k2i = ( 0, 0,
1
2
, 1
2
, 0, 0, 0, 0 ),
k3i = ( 0, 0, − 114 , 16 , 0.0510, −0.1403, −0.0113, 0.0054 ),
k4i = ( 0, 0, − 114 , −16 , 0.0984, 0.1214, 0.0156, 0.0026 ),
k5i = ( 0, 0, 0, 0, −0.0397, 0.0117, −0.0025, 0.0304 ),
k6i = ( 0, 0, 0, 0, 0.0335, 0.0239, −0.0462, −0.0112 ).
(2.23)
The Wilson coefficient C10 in SM is scale-independent and has the following explicit ex-
pression:
C10 = − Y
SM
sin2 θW
. (2.24)
The effective Hamiltonian for b→ sℓ+ℓ− transition in TC2 model is given by [12]
HeffTC2 =
GFαemVtbV
∗
ts
2
√
2π
[
C˜eff9 s¯γµ(1− γ5)b ℓ¯γµℓ+ C˜10s¯γµ(1− γ5)b ℓ¯γµγ5ℓ
− 2mbC˜eff7
1
q2
s¯iσµνq
ν(1 + γ5)b ℓ¯γ
µℓ+ CQ1 s¯(1 + γ5)bℓ¯ℓ
+ CQ2 s¯(1 + γ5)bℓ¯γ5ℓ
]
, (2.25)
where C˜eff7 , C˜
eff
9 , C˜10, CQ1 and CQ2 are new Wilson coefficients. The C˜
eff
7 , C˜
eff
9 and
C˜10 contain contributions from both the SM and TC2 models. The charged top-pions
π±t only give contributions to the Wilson coefficient C˜
eff
7 while the non-universal gauge
boson Z ′ contributes to the Wilson coefficients C˜eff9 and C˜10. In the following, we present
the explicit expressions of the Wilson coefficients C7(µW ) and C8(µW ) entered to Eq.(2.7)
in TC2 model. The new photonic-and gluonic-penguin diagrams in TC2 model can be
gotten by replacement of the internal W± lines in SM penguin diagrams with unit-charged
6
scalar (π±1 , π
±
8 and π
±
t ) lines (for more information, see Ref. [9]). As a result, the Wilson
coefficients C˜7(µW ) and C˜8(µW ) in TC2 take the following forms [12, 28]:
C˜7(µW ) = −1
2
D′ TC2tot0 (xt, zt) , C˜8(µW ) = −
1
2
E ′ TC2tot0 (xt, zt) , (2.26)
where
D′ TC2tot0 (xt, zt) = D
′ SM
0 (xt) +D
′ TC2
0 (zt),
E ′ TC2tot0 (xt, zt) = E
′ SM
0 (xt) + E
′ TC2
0 (zt), (2.27)
and
D′ TC20 (zt) =
1
8
√
2GFF 2π
[
−22− 53zt + 25z
2
t
18(1− zt)3 −
3zt − 8z2t + 4z3t
3(1− zt)4 log[zt]
]
,
E ′ TC20 (zt) =
1
8
√
2GFF 2π
[
−5− 19zt + 20z
2
t
6(1− zt)3 +
z2t − 2z3t
(1− zt)4 log[zt]
]
, (2.28)
with zt = m
∗
t
2/m2
π±
t
.
There are new contributions coming from the non-universal gauge boson Z ′ in TC2 model
to the Y SM and ZSM entered to the CNDR9 in Eq.(2.15) [12]. The C˜
NDR
9 in TC2 model is
given by
C˜NDR9 = P
NDR
0 +
Y TC2tot(yt)
sin2 θW
− 4ZTC2tot(yt), (2.29)
where
Y TC2tot(yt) = Y
SM + Y TC2(yt),
ZTC2tot(yt) = Z
SM + ZTC2(yt). (2.30)
The functions Y TC2(yt) and Z
TC2(yt) are given by the following expressions in the case of
e or µ in the final state [11, 12]:
Y TC2(yt) = Z
TC2(yt) =
−tan2θ′M2Z
M2Z′
[
Kab(yt) +Kc(yt) +Kd(yt)
]
, (2.31)
with yt = m
∗2
t /m
2
W . In the case of τ as final leptonic state, the factor −tan2θ′ in the above
equation is replaced by 1. The functions in Eq.(2.31) are also defined as [29]
Kab(yt) =
8
3
(tan2θ′ − 1) F1(yt)
(vd + ad)
,
Kc(yt) =
16F2(yt)
3(vu − au) −
8F3(yt)
3(vu + au)
,
Kd(yt) =
16F4(yt)
3(vu − au) +
8F5(yt)
3(vu + au)
, (2.32)
7
where
F1(yt) = −
[
0.5(Q− 1) sin2 θW + 0.25
]{
y2t ln(yt)/(yt − 1)2 − yt/(yt − 1)
− yt
[
0.5
(
− 0.5772 + ln(4π)− ln(M2W )
)
+ 0.75− 0.5
(
x2ln(yt)/(yt − 1)2 − 1/(yt − 1)
)]}
[
(1 + yt)/(yt − 2)
]
,
F2(yt) =
(
0.5Q sin2 θW − 0.25
)[
y2t ln(yt)/(yt − 1)2 − 2ytln(yt)/(yt − 1)2 + yt/(yt − 1)
]
,
F3(yt) = −Q sin2 θW
[
yt/(yt − 1)− ytln(yt)/(yt − 1)2
]
,
F4(yt) = 0.25
(
4 sin2 θW/3− 1
)[
y2t ln(yt)/(yt − 1)2 − yt − yt/(yt − 1)
]
,
F5(yt) = −0.25Q sin2 θW yt
[
− 0.5772 + ln(4π)− ln(M2W ) + 1− ytln(yt)/(yt − 1)
]
− sin2 θW/6
[
y2t ln(yt)/(yt − 1)2 − yt − yt/(yt − 1)
]
, (2.33)
and au,d = I3, vu,d = I3 − 2Qu,d sin2 θW with u and d representing the up and down type
quarks, respectively.
The Wilson coefficients CQ1 and CQ2 appeared in the effective Hamiltonian in TC2 model
belong to the neutral top-pion π0t and top-Higgs h
0
t contributing to the rare decays. The
coefficient CQ1 in TC2 model is given by [11]
CQ1 =
√
ν2w − F 2π
νw
(
m∗bmlν
2
√
2sin2θwFπm2h0
t
C0(xt) +
Vtsmlmtm
∗2
b M
2
W
4
√
2g42F
2
πm
2
h0
t
C(xs)
)
, (2.34)
where the Inami-Lim function C0(xt) is defined by [27]
C0(xt) =
xt
8
[
xt − 6
xt − 1 +
3xt + 2
(xt − 1)2 ln xt
]
. (2.35)
The C(xs) function in Eq.(2.34) is also given as [12]
C(xs) =
F6(x)
−[0.5(Q− 1) sin2 θW + 0.25]
, (2.36)
with
F6(xs) = −
[
0.5(Q− 1) sin2 θW + 0.25
]{
x2sln(xs)/(xs − 1)2 − xs/(xs − 1)
− xs
[
0.5
(
− 0.5772 + ln(4π)− ln(M2W )
)
+ 0.75− 0.5
(
x2ln(xs)/(xs − 1)2
− 1/(xs − 1)
)]}
, (2.37)
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where xs = m
∗
t
2/m2
π0
t
and the g2 is the SU(2) coupling constant. Since, the neutral top-
Higgs coupling with fermions differ from that of neutral top-pion by a factor of γ5, the form
of CQ2 is the same as CQ1 except for the masses of the scalar particles [11].
2.3 Transition amplitude and matrix elements
The transition amplitude for Λb → Λℓ+ℓ− decay is obtained by sandwiching the effective
Hamiltonian between the initial and final baryonic states
MΛb→Λℓ+ℓ− = 〈Λ(pΛ) | Heff | Λb(pΛb)〉, (2.38)
where pΛb and pΛ are momenta of the Λb and Λ baryons, respectively. In order to calculate
the transition amplitude, we need to define the following matrix elements in terms of twelve
form factors in full QCD:
〈Λ(pΛ) | s¯γµ(1− γ5)b | Λb(pΛb)〉 = u¯Λ(pΛ)
[
γµf1(q
2) + iσµνq
νf2(q
2) + qµf3(q
2)
− γµγ5g1(q2)− iσµνγ5qνg2(q2)− qµγ5g3(q2)
]
uΛb(pΛb) ,
(2.39)
〈Λ(pΛ) | s¯iσµνqν(1 + γ5)b | Λb(pΛb)〉 = u¯Λ(pΛ)
[
γµf
T
1 (q
2) + iσµνq
νfT2 (q
2) + qµfT3 (q
2)
+ γµγ5g
T
1 (q
2) + iσµνγ5q
νgT2 (q
2) + qµγ5g
T
3 (q
2)
]
uΛb(pΛb) ,
(2.40)
and
〈Λ(pΛ) | s¯(1 + γ5)b | Λb(pΛb)〉 =
1
mb
u¯Λ(pΛ)
[
6qf1(q2) + iqµσµνqνf2(q2) + q2f3(q2)
− 6qγ5g1(q2)− iqµσµνγ5qνg2(q2)− q2γ5g3(q2)
]
uΛb(pΛb) ,
(2.41)
where the uΛb and uΛ are spinors of the initial and final baryons. By the way, the f
(T )
i and
g
(T )
i with i = 1, 2 and 3 are transition form factors.
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Using the above transition matrix elements, we find the transition amplitude for Λb →
Λℓ+ℓ− in TC2 model as
MΛb→Λℓ+ℓ−TC2 =
GFαemVtbV
∗
ts
2
√
2π
{
[
u¯Λ(pΛ)(γµ[A1R + B1L] + iσµνqν [A2R + B2L] + qµ[A3R + B3L])uΛb(pΛb)
]
(ℓ¯γµℓ)
+
[
u¯Λ(pΛ)(γµ[D1R + E1L] + iσµνqν [D2R + E2L] + qµ[D3R + E3L])uΛb(pΛb)
]
(ℓ¯γµγ5ℓ)
+
[
u¯Λ(pΛ)( 6q[G1R +H1L] + iqµσµνqν [G2R +H2L] + q2[G3R +H3L])uΛb(pΛb)
]
(ℓ¯ℓ)
+
[
u¯Λ(pΛ)( 6q[K1R + S1L] + iqµσµνqν [K2R + S2L] + q2[K3R + S3L])uΛb(pΛb)
]
(ℓ¯γ5ℓ)
}
,
(2.42)
where R = (1 + γ5)/2 and L = (1− γ5)/2. The calligraphic coefficients are defined as
A1 = (f1 − g1) C˜eff9 − 2mb
1
q2
(fT1 + g
T
1 ) C˜
eff
7 , G1 =
1
mb
(f1 − g1) CQ1 ,
A2 = A1(1→ 2) , G2 = G1 (1→ 2) ,
A3 = A1 (1→ 3) , G3 = G1 (1→ 3) ,
B1 = A1(g1 → −g1 ; gT1 → −gT1 ) , H1 = G1(g1 → −g1) ,
B2 = B1 (1→ 2) , H2 = H1 (1→ 2) ,
B3 = B1 (1→ 3) , H3 = H1 (1→ 3) ,
D1 = (f1 − g1) C˜10 , K1 = 1
mb
(f1 − g1) CQ2 ,
D2 = D1 (1→ 2) , K2 = K1 (1→ 2) ,
D3 = D1 (1→ 3) , K3 = K1 (1→ 3) ,
E1 = D1(g1 → −g1) , S1 = K1(g1 → −g1) ,
E2 = E1 (1→ 2) , S2 = S1 (1→ 2) ,
E3 = E1 (1→ 3) , S3 = S1 (1→ 3) .
(2.43)
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3 Physical Observables
In this section, we calculate some physical observables such as differential decay width,
differential branching ratio, branching ratio and the lepton forward-backward asymmetry
for the decay channel under consideration.
3.1 The differential decay width
In the present subsection, using the above-mentioned amplitude, we find the differential
decay rate in terms of form factors in full theory in TC2 model as
d2Γ
dsˆdz
(z, sˆ) =
G2Fα
2
emmΛb
16384π5
|VtbV ∗ts|2v
√
λ(1, r, sˆ)
[
T0(sˆ) + T1(sˆ)z + T2(sˆ)z2
]
,
(3.44)
where v =
√
1− 4m2ℓ
q2
is the lepton velocity, λ = λ(1, r, sˆ) = (1 − r − sˆ)2 − 4rsˆ is the usual
triangle function with sˆ = q2/m2Λb, r = m
2
Λ/m
2
Λb
, z = cos θ and θ is the angle between
momenta of the lepton l+ and the Λb in the center of mass of leptons. The calligraphic,
T0(sˆ), T1(sˆ) and T2(sˆ) functions are obtained as
T0(sˆ) = 32m2ℓm4Λb sˆ(1 + r − sˆ)
(
|D3|2 + |E3|2
)
+ 64m2ℓm
3
Λb
(1− r − sˆ) Re
[
D∗1E3 +D3E∗1
]
+ 64m2Λb
√
r(6m2ℓ −m2Λb sˆ)Re
[
D∗1E1
]
+ 64m2ℓm
3
Λb
√
r
{
2mΛb sˆRe
[
D∗3E3
]
+ (1− r + sˆ)Re
[
D∗1D3 + E∗1E3
]}
+ 32m2Λb(2m
2
ℓ +m
2
Λb
sˆ)
{
(1− r + sˆ)mΛb
√
rRe
[
A∗1A2 + B∗1B2
]
− mΛb(1− r − sˆ) Re
[
A∗1B2 +A∗2B1
]
− 2√r
(
Re
[
A∗1B1
]
+m2Λb sˆRe
[
A∗2B2
])}
+ 8m2Λb
{
4m2ℓ(1 + r − sˆ) +m2Λb
[
(1− r)2 − sˆ2
]}(
|A1|2 + |B1|2
)
+ 8m4Λb
{
4m2ℓ
[
λ+ (1 + r − sˆ)sˆ
]
+m2Λb sˆ
[
(1− r)2 − sˆ2
]}(
|A2|2 + |B2|2
)
− 8m2Λb
{
4m2ℓ(1 + r − sˆ)−m2Λb
[
(1− r)2 − sˆ2
]}(
|D1|2 + |E1|2
)
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+ 8m5Λb sˆv
2
{
− 8mΛb sˆ
√
rRe
[
D∗2E2
]
+ 4(1− r + sˆ)√rRe
[
D∗1D2 + E∗1E2
]
− 4(1− r − sˆ) Re
[
D∗1E2 +D∗2E1
]
+mΛb
[
(1− r)2 − sˆ2
](
|D2|2 + |E2|2
)}
− 8m4Λb
{
4mℓ
[
(1− r)2 − sˆ(1 + r)
]
Re
[
D∗1K1 + E∗1S1
]
+ (4m2ℓ −m2Λb sˆ)
[
(1− r)2 − sˆ(1 + r)
] (
|G1|2 + |H1|2
)
+ 4m2Λb
√
rsˆ2(4m2ℓ −m2Λb sˆ) Re
[
G∗3H3
]}
− 8m5Λb sˆ
{
2
√
r(4m2ℓ −m2Λb sˆ) (1− r + sˆ) Re
[
G∗1G3 +H∗1H3
]
+ 4mℓ
√
r(1− r + sˆ)Re
[
D∗1K3 + E∗1S3 +D∗3K1 + E∗3S1
]
+ 4mℓ(1− r − sˆ)Re
[
D∗1S3 + E∗1K3 +D∗3S1 + E∗3K1
]
+ 2(1− r − sˆ)(4m2ℓ −m2Λb sˆ) Re
[
G∗1H3 +H∗1G3
]
− mΛb
[
(1− r)2 − sˆ(1 + r)
](
|K1|2 + |S1|2
)}
− 32m4Λb
√
rsˆ
{
2mℓRe
[
D∗1S1 + E∗1K1
]
+ (4m2ℓ −m2Λb sˆ) Re
[
G∗1H1
]}
+ 8m6Λb sˆ
2
{
4
√
rRe
[
K∗1S1
]
+ 2mΛb
√
r(1− r + sˆ)Re
[
K∗1K3 + S∗1S3
]
+ 2mΛb(1− r − sˆ)Re
[
K∗1S3 + S∗1K3
]
− (4m2ℓ −m2Λb sˆ)(1 + r − sˆ)
(
|G3|2 + |H3|2
)
− 4mℓ(1 + r − sˆ)Re
[
D∗3K3 + E∗3S3
]
− 8mℓ
√
rRe
[
D∗3S3 + E∗3K3
]}
+ 8m8Λb sˆ
3
{
(1 + r − sˆ)
(
|K3|2 + |S3|2
)
+ 4
√
rRe
[
K∗3S3
]}
,
(3.45)
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T1(sˆ) = −32m4Λbmℓ
√
λv(1− r)Re
(
A∗1G1 + B∗1H1
)
− 16m4Λb sˆv
√
λ
{
2Re
(
A∗1D1
)
− 2Re
(
B∗1E1
)
+ 2mΛbRe
(
B∗1D2 − B∗2D1 +A∗2E1 −A∗1E2
)
+ 2mΛbmℓRe
(
A∗1H3 + B∗1G3 −A∗2H1 − B∗2G1
)}
+ 32m5Λb sˆ v
√
λ
{
mΛb(1− r)Re
(
A∗2D2 − B∗2E2
)
+
√
rRe
(
A∗2D1 +A∗1D2 − B∗2E1 − B∗1E2
)
− √rmℓRe
(
A∗1G3 + B∗1H3 +A∗2G1 + B∗2H1
)}
+ 32m6Λbmℓ
√
λvsˆ2Re
(
A∗2G3 + B∗2H3
)
,
(3.46)
and
T2(sˆ) = −8m4Λbv2λ
(
|A1|2 + |B1|2 + |D1|2 + |E1|2
)
+ 8m6Λb sˆv
2λ
(
|A2|2 + |B2|2 + |D2|2 + |E2|2
)
.
(3.47)
We integrate Eq.(3.44) over z in the interval [−1, 1] in order to obtain the differential
decay width only with respect to sˆ. Consequently, we get
dΓ
dsˆ
(sˆ) =
G2Fα
2
emmΛb
8192π5
|VtbV ∗ts|2v
√
λ
[
T0(sˆ) + 1
3
T2(sˆ)
]
. (3.48)
3.2 The differential branching ratio
In this part, we would like to analyze the differential branching ratio of the transition under
consideration at different lepton channels. For this aim, using the differential decay width in
Eq.(3.48), we discuss the variation of the differential branching ratio with respect to q2 and
other related parameters. For this aim, we need some the input parameters as presented in
Tables 1 and 2.
We also use the typical values mπ0
t
= mh0
t
= 300 GeV , mπ+
t
= 450 GeV , MZ′ =
1500 GeV , ε = 0.08 and K1 = 0.4 in our numerical calculations [12].
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Input Parameters Values
me 0.51× 10−3 GeV
mµ 0.1056 GeV
mτ 1.776 GeV
mc 1.275 GeV
mb 4.18 GeV
mt 160 GeV
mW 80.4 GeV
mZ 91.2 GeV
mΛb 5.620 GeV
mΛ 1.1156 GeV
τΛb 1.425× 10−12 s
~ 6.582× 10−25GeV s
GF 1.17× 10−5 GeV −2
αem 1/137
|VtbV ∗ts| 0.041
Table 1: The values of some input parameters used in the numerical analysis. The quarks
masses are in MS scheme [30].
Input Parameters Values
mπ0
t
(200− 500) GeV
mπ+
t
(350− 600) GeV
mh0
t
(200− 500) GeV
MZ′ (1200− 1800) GeV
Fπ 50 GeV
ε (0.06− 0.1)
K1 (0.3− 1)
Table 2: The values of some input parameters related to TC2 model used in the numerical
analysis [12].
As other input parameters, we need the form factors calculated via light cone QCD sum
rules in full theory [31]. The fit function for f1, f2, f3, g1, g2, g3, f
T
2 , f
T
3 , g
T
2 and g
T
3 is given
14
by [31] (for an alternative parametrization of form factors see [32])
f
(T )
i (q
2)[g
(T )
i (q
2)] =
a(
1− q
2
m2fit
) + b(
1− q
2
m2fit
)2 , (3.49)
where the a, b and m2fit are the fit parameters presented in Table 3. The values of corre-
sponding form factors at q2 = 0 are also presented in Table 3. In addition, the fit function
a b m2fit form factors at q
2 = 0
f1 −0.046 0.368 39.10 0.322± 0.112
f2 0.0046 −0.017 26.37 −0.011± 0.004
f3 0.006 −0.021 22.99 −0.015± 0.005
g1 −0.220 0.538 48.70 0.318± 0.110
g2 0.005 −0.018 26.93 −0.013± 0.004
g3 0.035 −0.050 24.26 −0.014± 0.005
fT2 −0.131 0.426 45.70 0.295± 0.105
fT3 −0.046 0.102 28.31 0.056± 0.018
gT2 −0.369 0.664 59.37 0.294± 0.105
gT3 −0.026 −0.075 23.73 −0.101± 0.035
Table 3: The fit parameters a, b and m2fit appear in the fit function of the form factors f1,
f2, f3, g1, g2, g3, f
T
2 , f
T
3 , g
T
2 and g
T
3 together with the values of the corresponding form
factors at q2 = 0 in full theory for Λb → Λℓ+ℓ− decay [31].
of the form factors fT1 and g
T
1 is given by [31]
fT1 (q
2)[gT1 (q
2)] =
c(
1− q
2
m
′2
fit
) − c(
1− q
2
m
′′2
fit
)2 , (3.50)
where the c, m
′2
fit and m
′′2
fit are the fit parameters which we present their values together
with the values of corresponding form factors at q2 = 0 in Table 4.
The dependences of the differential branching ratio on q2, mπ+
t
and MZ′ in the cases
of µ and τ leptons in both SM and TC2 models are shown in Figures 1-6. In each figure
we show the dependences of the differential branching ratio on different observables for
both central values of the form factors (left panel) and form factors with their uncertainties
(right panel). Note that, the results for the case of e are very close to those of µ, so we do
15
c m
′2
fit m
′′2
fit form factors at q
2 = 0
fT1 −1.191 23.81 59.96 0± 0.0
gT1 −0.653 24.15 48.52 0± 0.0
Table 4: The fit parameters c, m
′2
fit and m
′′2
fit in the fit function of the form factors f
T
1
and gT1 together with the values of the related form factors at q
2 = 0 in full theory for
Λb → Λℓ+ℓ− decay [31].
not present the results for e in our figures. We also depict the recent experimental results
on the differential branching ratio in µ channel provided by the CDF [1] and LHCb [2]
Collaborations in Figure 1. From these figures, we conclude that
• for both lepton channels, there are considerable differences between predictions of the
SM and TC2 models on the differential branching ratio with respect to q2, mπ+
t
and
MZ′ when the central values of the form factors are considered.
• Although the swept regions by both models coincide somewhere, but adding the
uncertainties of form factors can not totally kill the differences between two models
predictions on the differential branching ratio.
• In the case of differential branching ratio in terms of q2 at µ channel (Figure 1),
the experimental data by CDF and LHCb Collaborations are overall close to the SM
predictions for q2 ≤ 16 GeV 2. When q2 > 16 GeV 2 the experimental data lie in the
common region swept by the SM and TC2 models.
To better compare the results, we depict the numerical values of the differential branching
ratio at different values of q2 in its allowed region for all lepton channels and both SM and
TC2 models in Tables (5-7). We also present the experimental data in µ channel provided
by the CDF [1] and LHCb [2] Collaborations in Table 5. With a quick glance in these
tables, we see that
• in the case of µ, the experimental data on the differential branching ratio especially
those provided by the CDF Collaboration coincide/are close with/to the intervals
predicted by the SM in all ranges of the q2. Within the errors, the results of TC2 are
consistent with the data by CDF Collaboration in the intervals [2.00−4.30], [10.09−
12.86] and [16.00 − 20.30] for the q2 and with the data by LHCb Collaboration only
for the interval [16.00− 20.30] for the q2.
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Figure 1: The dependence of the differential branching ratio (in GeV −2 unit) on q2 (GeV 2)
for Λb → Λµ+µ− decay channel in the SM and TC2 models using the central values of the
form factors (left panel) and form factors with their uncertainties (right panel). The recent
experimental results by CDF [1] and LHCb [2] are also presented in both figures.
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Figure 2: The dependence of the differential branching ratio (in GeV −2 unit) on q2 (GeV 2)
for Λb → Λτ+τ− decay channel in the SM and TC2 models using the central values of the
form factors (left panel) and form factors with their uncertainties (right panel).
• In all lepton channels and within the errors, the intervals predicted by the TC2 model
for the differential branching ratio coincide partly with the intervals predicted by the
SM approximately in all ranges of the q2.
These results show that although central values of the theoretical results differ consider-
ably with the experimental data, considering the errors of form factors bring the intervals
predicted by theory in both models close to the experimental data especially in the case of
SM.
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Figure 3: The dependence of the differential branching ratio (in GeV −2 unit) on mπ+
t
for
Λb → Λµ+µ− decay channel in the SM and TC2 models using the central values of the form
factors (left panel) and form factors with their uncertainties (right panel).
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Figure 4: The same as figure 3 but for Λb → Λτ+τ− decay channel.
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Figure 5: The dependence of the differential branching ratio (in GeV −2 unit) on MZ′ for
Λb → Λµ+µ− decay channel in the SM and TC2 models using the central values of the form
factors (left panel) and form factors with their uncertainties (right panel).
3.3 The branching ratio
In this part, we calculate the values of the branching ratio of the transition under consider-
ation both in SM and TC2 models. For this aim, we need to multiply the total decay width
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Figure 6: The same as figure 5 but for Λb → Λτ+τ− decay channel.
SM TC2 CDF [1] LHCb [2]
q2 dBr/dq2[10−7] dBr/dq2[10−7] dBr/dq2[10−7] dBr/dq2[10−7]
0.00− 2.00 (0.60− 2.58) (3.29− 14.36) 0.15± 2.01± 0.05 0.28± 0.38± 0.40± 0.06
2.00− 4.30 (0.61− 2.65) (2.16− 9.33) 1.84± 1.66± 0.59 0.31± 0.26± 0.07± 0.07
4.30− 8.68 (0.80− 3.48) (2.17− 9.31) −0.20± 1.64± 0.08 0.15± 0.17± 0.02± 0.03
10.09− 12.86 (1.11− 4.93) (2.46− 10.62) 2.97± 1.47± 0.95 0.56± 0.21± 0.16± 0.12
14.18− 16.00 (1.05− 4.78) (2.13− 9.37) 0.96± 0.73± 0.31 0.79± 0.24± 0.15± 0.17
16.00− 20.30 (0.54− 2.57) (1.06− 4.84) 6.97± 1.88± 2.23 1.10± 0.18± 0.17± 0.24
Table 5: Numerical values of the differential branching ratio in GeV −2 for different intervals
of q2 (GeV 2) for Λb → Λµ+µ− decay channel in SM and TC2 models obtained using the
typical values of the masses mπ+
t
= 450 GeV and MZ′ = 1500 GeV . We also show the
experimental values on the differential branching ratio provided by the CDF [1] and LHCb
[2] Collaborations in this Table.
by the lifetime of the initial baryon Λb and divide by ~. Taking into account the typical
values for mπ+
t
and MZ′ , we present the numerical results obtained from our calculations
for both models together with the existing experimental data provided by the CDF [1] and
LHCb [2] Collaborations in Table 8. As can be seen from this Table,
• although the central values of the branching ratios in TC2 model are roughly (2 −
3.5 times) bigger than those of the SM, adding the errors of form factors ends up
in coinciding the intervals of the values predicted by the two models for all lepton
channels.
• The orders of branching ratio show that the Λb → Λℓ+ℓ− decay can be accessible
at the LHC for all leptons. As already mentioned, this decay at µ channel has been
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SM TC2
q2 dBr/dq2[10−7] dBr/dq2[10−7]
0.00− 2.00 (0.60− 2.59) (3.29− 14.37)
2.00− 4.30 (0.61− 2.65) (2.17− 9.34)
4.30− 8.68 (0.80− 3.49) (2.17− 9.32)
10.09− 12.86 (1.11− 4.94) (2.46− 10.63)
14.18− 16.00 (1.05− 4.78) (2.13− 9.37)
16.00− 20.30 (0.54− 2.57) (1.06− 4.84)
Table 6: Numerical values of the differential branching ratio in GeV −2 for different intervals
of q2 (GeV 2) for Λb → Λe+e− decay channel in SM and TC2 models obtained using the
typical values of the masses mπ+
t
= 450 GeV and MZ′ = 1500 GeV .
SM TC2
q2 dBr/dq2[10−7] dBr/dq2[10−7]
12.60− 12.86 (0.11− 0.53) (0.28− 1.22)
14.18− 16.00 (0.47− 2.15) (1.05− 4.61)
16.00− 20.30 (0.43− 1.96) (0.77− 3.46)
Table 7: Numerical values of the differential branching ratio in GeV −2 for different intervals
of q2 (GeV 2) for Λb → Λτ+τ− decay channel in SM and TC2 models obtained using the
typical values of the masses mπ+
t
= 450 GeV and MZ′ = 1500 GeV .
previously observed by the CDF and LHCb Collaborations.
• As it is expected, the value of the branching ratio decreases with increasing the mass
of the final lepton.
• In the case of µ channel, the experimental data on the branching ratio coincide with
the interval predicted by the SM within the errors, but these data considerably differ
from the interval predicted by the TC2 model.
In order to see how the TC2 model predictions deviate from those of SM, we plot the
variations of branching ratios on mπ+
t
and MZ′ in Figures 7-10. From these figures we see
that
• there are big differences between the predictions of SM and TC2 models on branching
20
BR (Λb → Λ e+ e−)[10−6] BR (Λb → Λ µ+ µ−)[10−6] BR (Λb → Λ τ+ τ−)[10−6]
SM (1.81− 8.06) (1.64− 7.30) (0.34− 1.51)
TC2 (6.62− 29.03) (4.55− 19.81) (0.63− 2.77)
CDF [1] − 1.73± 0.42± 0.55 −
LHCb [2] − 0.96± 0.16± 0.13± 0.21 −
Table 8: Numerical values of the branching ratio of Λb → Λ ℓ+ ℓ− for mπ+
t
= 450 GeV and
MZ′ = 1500 GeV in SM and TC2 models together with the experimental data provided by
the CDF [1] and LHCb [2] Collaborations.
ratio with respect to mπ+
t
and MZ′ when the central values of the form factors are
considered.
• The branching ratios remain approximately unchanged when the masses of mπ+
t
and
MZ′ are varied in the regions presented in the figures for both leptons.
• Adding the uncertainties of form factors ending up in intersections between the swept
regions of two models, but can not totally kill the differences between two models
predictions.
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Figure 7: The dependence of the branching ratio on mπ+
t
for Λb → Λµ+µ− decay channel in
the SM and TC2 models using the central values of the form factors (left panel) and form
factors with their uncertainties (right panel).
3.4 The FBA
The present subsection embraces our analysis on the lepton forward-backward asymmetry
(AFB) in both the SM and TC2 models. The FBA is one of the most important tools to
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Figure 8: The same as figure 7 but for Λb → Λτ+τ− transition.
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Figure 9: The same as figure 7 but with respect to MZ′.
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Figure 10: The same as figure 9 but for Λb → Λτ+τ− transition.
investigate the NP beyond the SM and it is defined as
AFB(sˆ) =
∫ 1
0
dΓ
dsˆdz
(z, sˆ) dz −
∫ 0
−1
dΓ
dsˆdz
(z, sˆ) dz∫ 1
0
dΓ
dsˆdz
(z, sˆ) dz +
∫ 0
−1
dΓ
dsˆdz
(z, sˆ) dz
. (3.51)
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The dependences of the FBA on q2, mπ+
t
and MZ′ for the decay under consideration in
both µ and τ channels are depicted in Figures 11-16. A quick glance at these figures leads
to the following results
• the effects of the uncertainties of form factors on AFB are smaller compared to the
differential branching ratio and branching ratio discussed in the previous figures.
• In Figure 11 where the dependence of AFB on q2 at µ channel is discussed, we see
considerable differences between two models predictions at lower values of q2 for both
figures at left and right panels. At higher values of q2, two models have approximately
the same predictions. In τ case (Figure 12), two models have roughly the same results.
• In the case ofAFB in terms ofmπ+
t
and µ channel, the uncertainties of form factors end
up in some common regions between two models predictions. In the case of τ channel,
the difference between two models results exists even considering the uncertainties of
form factors.
• In the case of AFB on MZ′ and µ channel, we see a small difference between the SM
and TC2 models predictions when the central values of form factors are considered.
Taking into account uncertainties of form factors causes some intersections between
two models predictions. In the case of τ (Figure 16), we see considerable discrepancies
between two models predictions which can not be killed by the uncertainties of form
factors.
• The AFB is sensitive to q2 for both leptons. The AFB is also sensitive to MZ′ only
for the case of τ . However, this quantity remains roughly unchanged with respect to
changes in mπ+
t
for both lepton channels as well as with respect to MZ′ only for µ
channel.
4 Conclusion
In the present work, we have performed a comprehensive analysis of the baryonic FCNC
Λb → Λℓ+ℓ− channel both in the SM and TC2 scenarios. In particular, we discussed the
sensitivity of the differential branching ratio, branching ratio and lepton FBA on q2 and
the model parameters mπ+
t
and MZ′ using the form factors calculated via light cone QCD
sum rules as the main inputs. We saw overall considerable differences between two models’
predictions, which can not be totally killed by the uncertainties of form factors as the main
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Figure 11: The dependence of the FBA on q2 for Λb → Λµ+µ− decay channel in the SM
and TC2 models using the central values of the form factors (left panel) and form factors
with their uncertainties (right panel).
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Figure 12: The same as figure 11 but for Λb → Λτ+τ− decay channel.
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Figure 13: The same as figure 11 but with respect to mπ+
t
sources of errors. However, the existing experimental data provided by the CDF and LHCb
Collaborations in the case of differential branching ratio with respect to q2 are very close
to the SM results approximately in all ranges of q2 when the errors of the form factors
are considered. Only in some intervals of q2, the experimental data on the differential
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Figure 14: The same as figure 13 but for Λb → Λτ+τ− decay channel.
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Figure 15: The same as figure 11 but with respect to MZ′.
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Figure 16: The same as figure 15 but for Λb → Λτ+τ− decay channel.
branching ratio lie in the intervals predicted by the TC2 model within the errors. From
the experimental side, we think we should have more data on different physical quantities
defining the decay under consideration at different lepton channels as well as different
baryonic and mesonic processes. This will help us in searching for NP effects especially
those in the TC2 model as an alternative EWSB scenario to the Higgs mechanism.
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